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DEFINITION OF TERMS 
Thermocouple unit 
For the purpose °^ this specification a thermocouple unit 
is defined as either :— 
1. An assembly of thermocouple cable and compensating 
cable. The thermocouple cable has a completed hot 
junction, and the hot junction end of the sheath 
is sealed by welding, the other end of the thermo­
couple cable is joined to the compensating cable 
by an hermetically sealed joint. The free ends of 
the conductors of the compensating cable terminate 
in and protrude from appropriate lengths of colour 
coded sleeving, and are sealed to the sheath to prevent 
the ingress of moisture. 
The assembly is illustrated diagrammatically in 
Fig. 1. which shows some of the other terms used 
in the specification. 
.thermocouple cable 
refractory sheathed 
E > ' > ' 
compensating cable 
stainless steel sheathed 
coldend 
seal 
















F igure ! . Thermocouple Uni t . Bi - metallic , bi - insulant, bi-conductor construct ion 
2. An assembly of continuous thermoelement wires 
insulated from two different enclosing sheaths 
by two different mineral insulants. The comple­
ted hot junction is enclosed within a refractory 
metal sheath, and the refractory metal sheath 
is joined to a stainless steel sheath by an 
heremetically sealed joint. The free ends of 
the thermoelement wires terminate in and pro­
trude from appropriate lengths of colour coded 
sleeving, and are sealed to the sheath to 
prevent the ingress of moisture. 
The assembly is illustrated diagrammatically 
in Fig. 2, which shows some of the other terms 
in the specification. 
thermocouple cable stainless steel sheathed sect ion 
^ i ■* '■ 
conductors refractory sheathed section 
î= \t > J > > > > > > > Λ· 
continuous thermoelements co\^ ena · 
V seal «~^ 
_ f e - _ ^ - - - - - -
Β Β 
hot junction 7 intermediate junction sleeve 
overall 
insu la t ion 
s leeve 
conductor 
insulat l ion 
s leeves 
Figure 2 . Thermocouple Unit . Bi -me ta l l i c ( b i - i n s u l a n t , continuous conductor 
T . τ , , cons t ruc t i on 
Thermocouple cable 
The assembly of twoldissimilar metal or alloy conductors which 
are insulated from each other and the enclosing sheath by a 
refractory mineral oxide. 
Compensating cable 
A flexible assembly of mineral insulated thermoelements enclosed 
by a metallic sheath. Over a wide range of temperature, these 
thermoelements have thermal­e.m.f. characteristics which are 
similar to the nominated thermocouple which will be used to 
measure temperature. 
Hot junction 
The junction of the two dissimilar metal conductors 
which respondsdirectly to temperature by generating an e.m.f 
and is used to determine the temperature of a substance 
which is presented to it. 
Reference junction 
The junction of a thermocouple circuit which is main-
tained at a known temperature and provides the reference 
for determining the hot junction temperature. 
Intermediate junction 
The junction of the thermocouple unit where the 
conductors of the thermocouple cable connect to those 
of the compensating cable. 
Cold end 
That end of the thermocouple unit, most remote from 
the hot junction, at which the conductors of the stainless 
sheathed cable emerge from the protective sheath, 
Customer 
The customer is defined as the Technical Officer of the 
organisation which is producing experimental equipment, 
and who is responsible for ordering and specifying 
thermocouples for a particular application. 
Contract 
The purchasing order received by the manufacturer of the 
thermocouple units. The contract can refer to a single 
thermocouple unit or may be for several such units, in 
a variety of sizes. 
Batch 
Within this specification, batch defines any of the stocks 
of material used(which have a common certification of 
origin and applies equally to conductors, insulants, tubing, 
and extension wires. 
1. SCOPE 
1.1 This specification covers the requirements for 
materials, manufacture, testing, calibration and 
packing for thermocouple units which have the 
following characteristics: 
1.1.1 The conductors of the thermocouple cable 
are alloys of Wolfram 5% Rhenium and Wolf-
ram 26% Rhenium, or Wolfram 3% Rhenium and 
Wolfram 25% Rhenium. 
1.1.2 Mineral Oxide is used as an insulant. 
1.1.3 The thermoelements, insulant and hot 
junction are contained in a gas tight 
sheath. 
1.1.4 The hot junction of the thermocouple is 
insulated from the sheath. 
1.1.5 The thermocouple unit comprises a length of 
refractory metal sheathed thermocouple cable 
which is joined to a length of stainless 
steel sheathed cable. 
The stainless steel sheathed section of 
unit may carry either thermoelements which 
are continuous from the hot junction, or 
lengths of the appropriate compensating wire. 
1.1.6 The thermocouple unit will be installed in 
anirradiation experiment so that the operating 
temperatures of the hot and intermediate 
junctions will not exceed 1600 C. and 700 C. 
respectively, and the atmosphere during opera-
tion will be limited to inert gases. The 
sheath of stainless steel sheathed section of 
the unit must be suitable for welding or 
brazing into containments, and feed through 
seals or similar devices without sustaining 
damage», to the sheath or conductors. 
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2. GENERAL CODING. 
2.1. Thermocouple units produced to this specification 
will be given a code number in order to provide 
a ready reference and identification. The code number 
will consist of a series of digits and letters 
which will refer solely to the materials of the 
thermocouple cable. 
The code employed is appended and each separate 
series of digits or numbers will be separated 
by a line, thus—— 
2.2 Describes the code for the refractory sheathed section 
of the unit. 
2.2.1 The first digit in the series indicates 
the number of conductors in the cable. 
2.2.2 The second combination will refer to the alloys 
which comprise the thermocouple cable conductors 
thus: W5Re/W26Re indicates that the conductors 
are Wolfram 5% Rhenium and Wolfram 26% Rhenium, 
and W3Re/W25Re indicates that the conductors 
are Wolfram 3% Rhenium and Wolfram 25% Rhenium. 
2.2.3 The third combination will refer to the hot 
junction sheath material and the chemical symbol 
will be employed. For alloys this will be follo-
wed by a number and a second symbol to indicate the 
percentage of the secondary metal thus:-
Mo 50 Re - denotes molybdenum 50% rhenium alloy 
Mo - denotes molybdenum 
Nb - denotes niobium 
W 26 Re - denotes Wolfram 26% Rhenium alloy 
W - denotes Wolfram. 
2.2.4 The fourth combination will be a number which 
indicates the nominal outside diameter of the 
thermocouple cable in the tenths of a millimetre 
2.2.5 The fifth combination will show the insulant 
chemical symbol, followed by a single obliquei 
BeO denotes beryllium oxide insulant 
MgO denotes magnesium oxide insulant. 
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2.2.6 The final combination will show the length 
of the refractory sheath from the end of the 
transition sleeve in cm. This combination will 
be followed by a double oblique to separate 
the unit components. 
2.2.7 For illustration a complete code number for 
a typical thermocouple cable would be 
— W5Re/W26Re ■— Mo 13.0 
Two con­
ductors of Wolfram 5% 
Rhenium 
Wolfram 26% 
Rhenium in a Molybde­
num sheath of 1.30 mmØinsulated 
by Beryllia 
with 47 cm of 
refractory 
sheath 
BeO / —47cm// 
íoi  
2.3 Describes the code for the stainless steel sheathed section 
of the uni t. 
2.3.1 The first digit in the series indicates the number of 
conductors in the cable. 
2.3.2 The second combination will refer to the alloys which 
comprise the conductors in the stainless steel sheatlhed 
section of the cable. The wire manufacturers designa­
tion will be used through­out, and will thus be one of 
the following : 
(a) W5Re/W26Re denoting W/Re 5/26% wires 
(b) W3Re/W25Re denoting W/Re 3/25% wires 
(c) 405/426 denoting Hoskins compensating wires 
for 5/26 W/Re thermoelements. 
(d) 203/225 denoting Hoskins compensating wires 
for 3/25 W/Re thermoelements. 
(e) 300P/300N denoting Engelhard compensating 
wires for 3/25 W/Re thermoelements. 
2.3.3 The third combination will refer to the sheath material 
and will normally be AC for stainless steel 
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2.3.4 The fourth combination will be a number which 
indicates the nominal outside diameter of the 
stainless steel section in tenths of a millimetre 
2.3.5 The fifth combination will show the insulant 
chemical symbol and will normally be the symbol 
MgO for magnesia. This will be followed by a 
single oblique. 
2.3.6 The final combination will show the length of 
sheathed cable from the end of the transition 
sleeve in cm. which completes the code number. 
2.3.7 For illustration a typical thermocouple 
extension cable code number could be. 
405/426 Ac 
Two conduc­
tors of Hoskins 
10 MgO/ 348 cm. 
405/426 wires in a stain­
less steel 
sheath of 1.0 
mm Φ insulated j 




2.4 The thermocouple unit composed of the items described in 
Paras 2.2 and 2.3 and jo-ined together would be 2—W5Re/w26Re-
Mo—1 3.0—Beo/47cm.//2—405/426—Ac—10—Mgo/348< icm, 
COLOUR CODING 
3.1 The manufacturer shall supply the thermocouple unit with 
the free ends of the compensating cable conductors termina­
ting in a minimum length of 10 centimeters, of which at 
least 5 centimeters shall be suitably insulated by Polyvinyl­
chloride sleeves, the colour of these sleeves shall conform 
to one of the following codes*—" 
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1 For 5/26 W-Re 
Positive conductor - green 
Negative conductor - blue 
Overall colour - white 
2 For 3/25 W-Re 
Positive conductor - pink 
Negative conductor - blue 
Overall colour - white. 
3.2 The attachment of these sleeves shall not interfere 
with the requirements regarding the leak tightness 
of the cold end seal. 
4. CONDITIONS OF MANUFACTURE 
4.1 The thermocouple unit shall be produced in accordance 
with the sequence of operations shown in the logic 
diagram provided in Figure 3, and the appropriate 
Inspection Schedule. Pages 14 , and 39 . 
4.2 No materials other than those specified in Tables 
3,4,5 & 6 shall be used as any part of the thermo-
couple unit unless specifically requested by the 
cus tomer. 
4.3 Materials shall be maintained clean and free from 
contamination by the materials specified in para-
graphs 5.1 and 5.2 at all stages of manufacture.A 
special clean area must be set-up within which all 
thermocouple manufacturing processes are carried 
out. 
4.4 The manufacturer shall ensure that identification 
of materials is possible at all stages of 
production. 
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LOGIC DIAGRAM. Fig. 3 
Production of Wolfram-Rhenium Alloy Thermocouples 
Operation Relevant Paragraphs 
Check material specifications 4.2; 7.1; 7..2; 7.3; 8.1; 9.1; 
9.2; 10.1; 13.2; 14.2; 14.3; 
Check conditions of Manufacture 
I 
Make dimensional tests 
Make sheath and conductor 
ductility tests 
Check resistance of 
conductors 
4. 1 ; 4.3; 4.4; 4.5; 5. 1 ; 
5.2; 5.3; 1 I . 1 ; 13.1; 14.2; 
20.3; 




Make hot junction and sheath 
closure 
Radiograph hot junction 
1 1 . 1 ; 12 .1 
1 3 . 1 ; 13 .2 
1 7 . 2 ; 1 7 . 3 
1 9 . 1 ; 
1 2 . 2 ; 1 2 . 3 ; 1 2 . 4 ; 
1 3 . 3 ; 1 7 . 1 ; 
Make i n t e r m e d i a t e j u n c t i o n 
and t e m p o r a r y c o l d s e a l 
1 4 . 1 ; 1 4 . 2 ; 1 4 . 3 ; 1 4 . 4 ; 1 4 . 5 ; 
1 7 . 1 ; ' • ' . 2 ; 1 7 . 3 ; 
R a d i o g r a p h i n t e r m e d i a t e j u n c t ïoln 19.2; 
Test intermediate junction 
Calibrate thermocouple unit 
Make hot insulation test 
Final cold seal and sheath 
integrity tests 
ï 
Final cleaning and packing 
20.5; 20.6; 16.2.2; 16.2.3; 
,20.3; 20.4. 
20. 1 ; 20.2; 20.3; 20.4; 20.5; 
20.6; 
17.1; 17.2; 17.3; 
10.1; 3.1; 3.2; 21.1; 21.2; 
22.1 ; 22.2; 22.3; 22.4; 
23.1 ; 24.1 ; 24.2; 24.3; 24.4; 25.1 
25.2; 25.3; 26.1 ; 2.1 ; 2.2; 
2.3;2.4; 27 
¡15 
4.5 The manufacturer shall ensure that adequate records 
of all tests are made at the time of the test, and 
that these records are available for inspection by 
the customer for a minimum period of two years 
after delivery of the units. 
5. PRECAUTIONS AGAINST COtTTAMINATION. 
5.1 Finished units shall be free from surface contamination 
(in the form of dust, adherent film,or embedded particles) 
by any of the materials listed below. 
Fissile or Fertile materials 
























5.2 During any operation which involves heat treatment, the 
manufacturer shall ensure that adequate precautions are 
taken to exclude any environment which may cause embrittle­
ment to the sheath or conductors. 
5.3 It is of particular importance that the materials are not 
exposed to environments of high moisture content, during 
storage and/or processing. 
DIMENSIONS. 
6.1 The thermocouple cable shall be manufactured to the dimen­
sions detailed in Figure 4, and Table 1 , Page 16. 
16 
b thick 
Cross -sec t ion of 
thermocouple cable 
Figure 4 
TABLE 1 THERMOCOUPLE CABLE DIMENSIONS, in mm, 
O u t s i d e 
D i a m e t e r 
D 
m i n 
1 o c 
max 
ι τ ς 
S h e a t h 
Τ h i c k n e s s b 
m i n 
η ι a. 
max 
η 9 ς 
d Wi r e 
D i a m e t e r 
m i n 
η ι ft 
max 
η . ? s 
1 
C I n s u l a n t 
T h i c k n e s s 
m i n 
n . 09 
Cross-sec t ion of 
compensat ing cable 
Figure 5 



















C min . 
0. 100 
0. 1 20 
0. 140 









6.3 The cross section of the conductors shall be sub­
stantially circular; both maximum and minimum must 
lie within the limits of Tables 1 and 2. 
6.4 The completed hot junction must conform to Para 12.1 
and Fig. 7, Pages 23 and 25 . 
6.5 The intermediate junction must conform to Para 14.1 
and Fig. 8, Page 25 . 
CONDUCTORS. 
7.1 The conductors of the thermocouple cable shall 
be free from laminations and shall be manufactured 
from material having nominal compositions as detailed 
in Table 3, Page 18 . 
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N . B.S. mono-
graph 40 table 
95 
N.B.S.mono-
graph 40 table 
95 
N.B.S. mono-
graph 40 table 
95 
N . B . S . mono-
graph table 
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7.2 The wires in the stainless steel sheathed section 
of the thermocouple unit may be one of the three 
following alternatives. 
7.2.1 Compensating types of similar thermoelectric 
properties to the thermoelement wires up to 
700°C. 
7.2.2 W-Re wires of the same composition as the 
wires which are connected at the hot junction; 
and which are joined to the refractory sheathed 
section wires at the intermediate junction. 
7.2.3 W-Re wires which are continuous from the hot 
junction to the cold end of the thermocouple 
uni t . 
7.3 If compensating cable is used the thermocouple 
manufacturer must supply certified temperature 
to e.m.f. details over the range 0 to 700 C for 
the particular compensating wires used, and precise 
measured deviation from the supplied curve at 
400 C for each thermocouple. 
See also Para. 20.3 
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8. INSULANT. 
8.1 The insulants used shall conform to those specified 
in Table 4, and will be BeO in the ref rae tory sheathed 
section and MgO in the stainless steel sheathed section 




(fused and crushed) 
























0.001 % (max) 






















9.1 Sheath materials shall be in the form of continuous 
seamless tubes, smooth and free from porosity, cracks 
and inclusions. The total reduction of wall thickness 
arising from any such defect and including surface em­
brittlement and oxidation shall not exceed 20% of the 
nominal wall thickness. 
9.2 The material of the sheath shall conform to.the 
compositions specified in Table 5, niobium is the 
preferred material for the refractory sheathed section 
of the unit. 


































^10 0 ρ . ρ . m . 
^100 ρ . ρ . m . 
0 00 ρ.ρ.m. 
^10 ρ . ρ . m . 
total \3 5 0 0 p.p.m. 
No single element 
in exce ss of 
1000 p.p.m. 
<J 5 0 0 ρ . ρ . m . 
total \5Ô0 ρ.ρ.m. 
No single element 
in exces s of 
150 ρ.ρ.m. 



























<C5 ρ . ρ . m . 
<5 ρ . ρ.m. 
<1 0 ρ.ρ.m. 
<5 ρ . ρ .m. 
<1 0 ρ . ρ . m. 
< 5 ρ. ρ .m. 
<5 0 ρ . ρ ¿m. 
< 5 ρ . ρ .m. 
<5 ρ . ρ.m. 
<5 ρ . ρ.m. 
<10 ρ.ρ.m. 
<1 0 ρ.ρ.m. 
·<5 ρ . ρ .m. 
45­55% 
Balance 






















<0. 001 % 
<0. 01 0% 
<­0.003% 
<0. 001 % 
<0. 0 1 0% 
<0.004% 







<0. 001 % 
<0.001 % 
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Niobium }> 1 0 χ C 
Carbon 0.8% max 
Manganese 2.0% max 
Silicon 1.0% max 
PhosphorousO.04% max 
Sulphur 0.03% max 
Iron Balance 
Chromium 16-18% 
Nickel 8-1 1 % 
Titanium ^5xC 
Manganese 2% max 
Silicon 1 % max 
PhosphorousO.04% max 
Sulphur 0.03% max 




Manganese 2% max 
Silicon 1 % max 
PhosphorousO.45% max 
Sulphur 0.03% max 





stoff No. 1-4541 
A.F.N.O.R. 
Z6 CN Nbl7-11 
AISI 321 
A.I.S.I. 316L 
10 SEALING COMPOUNDS. 
]0.1 The materials used for sealing the cold end of 
the cable shall conform to those specified in 
Table 6 overleaf. 
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Table 6 SEALING COMPOUNDS 
Material 
*Araldite AY 105 with HY 972 
fcAraldite AY 111 with HY 111 
##Thermofit Sleeving (Dualwall 
irradiated plastic) 
^Swifts K 9903 hot melt adhesive 
ψ ^ Rilsan (To be used only when 
prior agreement is obtained 





According to type used 
80°C 
100°C 
•fcTrade names of C.I.B.A. (A.R.L.) Ltd. Duxford, Cambridge, England. 
£fcTrade name of Raychem U.K.Ltd. Manningtree, Es s ex,England. 
firade name of Swift & Co., Spelthorne Lane, Ashford, Middlesex,England 
Available from Swift et Comp. Rue d-U' Vallee aux Boeufs, 41 Blois, France 
J'pTrade name of Aquitaine Organico, 16 Rue d'Artois, Paris. 
11. PRECAUTIONS DURING HEAT TREATMENT. 
11.1 Any operations which involve heating the thermocouple unit 
to a temperature above 300°C shall be conducted in either 
a vacuum, or a helium or an argon atmosphere of such a 
quality that sheath or conductor oxidation or embrittle-
ment is avoided. 
12. HOT JUNCTION MANUFACTURE. (Figs 6&7). 
12.1 The thermoelement wires must be arranged a-s shown 
in Fig. 6 before completing the hot junction, and conform 
with Fig. 7 after completion, Page 25« 
INSULATING SLEEVE AND 
BEAD ADDED AFTER MAKING 
HOT JUNCTION WELD 
Ύ77/////////λΞί ^ρ-^χ 




FIGURE 6 ARRANGEMENT OF HOT JUNCTION. 
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12.2 It will be preferred for the two thermoelements to 
be twisted together, bound with a single thin strand 
of W 26% Re wire, and the four ends fused together 
by an inert gas arc weld. It is essential that the 
area within the sheath, and adjacent to the hot junction 
is scrupulously cleaned ,Pr ior to the introduction of 
the hot junction insulation, and completion of the 
sheath closure weld. 
12.3 Niobium may be used as a braze metal to join the 
conductors at a temperature below their fusion point. 
The atmosphere during this operation shall be either 
vacuum, or helium or argon as specified in Para­
graph 11.1. 
12.4 Where the hot junction consists of jointed conduc­
tors which protrude from preformed beads, the 
manufacturer shall take all precautions to ensure 
that the junction cannot short circuit to the sheath. 
A mineral oxide sleeve must be used as an insulator. 
The material of the insulator sleeve shall be to the 
same specifications as the preformed insulating beads. 
13. SHEATH CLOSURE. 
13.1 The sheath closure shall be made by fusion of the 
metals, the process and atmosphere being such as 
to avoid oxidation or embrittlement. It is advan­
tageous to back fill to about 1 atmosphere with 
He during the final sheath closure operation. The 
He must have a combined H-0 plus 0. concentration 
of ^ SO p. ρ .m. 
13.2 When a separate end plug is used for sheath closure 
the plug shall be of the same composition and to 
the same specification as that of the sheath material. 
13.3 The closure shall be inspected and shall have the 
same freedom from defects as specified in Paragraph 
9.1., and must be to the dimensions of Fig. 7, Page 25·. 
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to to 





FIGURE 7 ARRANGEMENT OF COMPLETED HOT JUNCTION. 
14..INTERMEDIATE JUNCTION MANUFACTURE. 
14.1 The intermediate junction must conform to the dimensions 
of Fig. 8, below for Para 7.2.1 and Para 7.2.2 construction, 
With continuous wires as Para 7.2.3., reference to wire 
jointing is ignored, but information on the transition 





MAX.TO BE AGREED WITH CUSTOMER. 
CONDUCTORS FLATTENED 
OVER-LAPPED ABOUT 5.0mm, 
AND SPOT WELDED. 
MINIMUM INSULATIO 











INSULATION IN THIS 
ZONE IN POWDER OR 
BEAD FORM. 
FIGURE 8 ARRANGEMENT OF INTERMEDIATE JUNCTION. 
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14.2 The thermocouple conductors and the compensating 
cable conductors shall be joined by spot welding 
and shall be insulated as necessary by a mineral 
oxide insulator having the same material specifi­
cation as the insulant of the compensating cable. 
It is advantageous to back fill to about 1 atmos­
phere with He during the final sheath closure ope­
ration. The He must have a combined 0„ plus H_0 
concentration of 30 p.p.m. 
14.3 The sleeve used to join the sheath of the thermo­
couple cable to the sheath of the compensating 
cable shall be of the same material and specification 
as the sheath of the compensating cable. 
14.4 The joint between the sleeve and the refractory 
metal sheath of the thermocouple unit shall be inert 
gas arc welded. 
The joint betweenthe compensating cable sheath and the 
sleeve shall be inert gas are welded. 
14.5 The sleeve and its associated joints shall be inspected 
and shall have the same freedom from defects as speci­
fied in Paragraph 9.1, and must be suitable for opera­
tion at 700°C. 
15. DIMENSIONAL TESTS. 
15.Τ A sample cut from each length of compensating cable 
and thermocouple cable shall be examined to ensure 
that sheath, conductor and insulant dimensions 
conform to the dimensions specified in Paragraphs 
6.1, 6.2 and 6.3. 
The prefered diameter is 1.6 mm. 
15.2 Where the thermocouple cable consists of an unworked 
refractory sheath containing preformed insulating 
beads the dimensions of sheath, hot junction and 
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conductors shall conform to Fig. 8 and the following1 
data shall be recorded: 
Measured inside and outside dimensions of refrac­
tory sheath and material. 
Measured maximum and minimum diameter of each 
conductor. 
Measured maximum and minimum diameter of the preformed 
insulating beads. 
It is essential with this type of construction that 
a BeO disc is placed between the hot junction and the 
sheath closing weld to preclude any possibility of the 
hot junction contacting the sheath during operation. 
16. DUCTILITY TESTS 
16.1 Conductors 
A sample 5 cms. long shall be taken from each batch 
of all conductor wires which will be used for the 
contract. The sample shall be bent through a right arc 
and back five times,the radius of bend being four 
times the conductor diameter. All wire from that batch 
shall be rejected if the sample breaks. 
16.2 Sheaths 
16.2.1 Compensating cable '■ 
A sample 25 cms. long shall be taken from each 
basic reel of compensating cable that is required 
for the contract, and sealed at both ends. 
The sample shall be coiled six times round a 
mandrel, which has a diameter of four times the 
nominal diameter of the compensating cable. 
The sample shall be tested by subjecting it to 
a sheath integrity test as described in paragraph 
22.2. The cable reel shall be rejected if the 
sample fails this test. 
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16.2.2. Thermocouple cable. 
Niobium sheathed cable is subject to the following 
test. 
One thermocouple unit of each order, or produc-
tion group of thermocouple units manufactured 
from the same batch materials, shall have the 
niobium sheath bent 90 round a mandrel, which 
has a diameter of sixteen times the nominal sheath 
diameter and straightened. This test is to be 
preceded and followed by a helium leak test to 
paragraph 22.2, a loop resistance test to para-
graph 18, and an insulation resistance test to 
paragraph 17, at room temperature. All results 
are to be recorded. The test detailed in para-
graph 16.2.3, could, with advantage, be carried 
out on the same thermocouple. 
16.2.3. Intermediate junction. 
The stainless steel sheathed cable is subject 
to the following test. 
One thermocouple unit of each order or production 
group of thermocouple units manufactured from 
the same batch materials, shall be subjected to 
a bending moment applied to the stainless steel 
sheath, at a point 20 mm. distant from the end 
of the intermediate junction sleeve. The applied 
force must be sufficient to move the cable 
through an angle of 30 in two directions in the 
same plane. This test is to be preceded and 
followed by a helium leak test to paragraph 
22.2, a loop resistance test to paragraph 18, 
and an insulation resistance test to paragraph 
17, at room temperature. All results are to be 
recorded the test detailed in paragraph 16.2.2. 
could, with advantage be carried out on the 
same thermocouple unit if it is required. 
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17. INSULATION RESISTANCE TESTS. 
17.1 The completed thermocouple unit shall have an 
insulation resistance in accordance with the following 
tab le . 
Table 7 Insulation Resistance 





of test (°C) 
20 + 5 
700 + 20 
Test Voltage 
100 + 20 






5 χ 10 1 0 
5 χ 106 
17.2 When testing the thermocouple unit at 700 C at least 
75% of the refractory sheathed section of the unit 
shall be subjected to the specified temperature, the 
intermediate junction shall not be subjected to a 
temperature exceeding 500 C during this test. The 
precautions of paragraph 11 apply during this test. 
17.3 The complete thermocouple unit excluding the cold seal 
shall be heated to 400 C and the insulation resistance 
measured between conductors and sheath at a test voltage 
of 9V + 1 V. 
The product of insulation and length shall be not less 
than 10 Ohm metres i.e. 
Thermocouple length (metres) χ insulation resistance (-Λ_) 
1 x 1 0 Ohm me tres. 
18. LOOP RESISTANCE TEST. 
18.1 The loop resistance (R ) of the completed thermocouple 
Li 
unit shall be measured at an ambient temperature of 
approximately 20 C, the resistance value obtained shall 
(30 
not exceed the sum of the component conductor resistance 
by more than 1.0% i.e 
RL a 1 .010 Pi + R2 + R3 + R43 
where R, = resistance of the positive conductor of 
the thermocouple cable 
R„ = resistance of the negative conductor of 
the thermocouple cable 
R_ = resistance of the positive conductor of 
the compensating cable 
R, = resistance of the negative conductor of 
the compensating cable 
The resistance of the individual wires must lie within 
the values given in table 8 . 
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19.1 The end closure, hot junction and adjacent 10 cms 
of the thermocouple shall be radiographed in two planes 
mutually at right angles and perpendicular to the axis of 
the conductors. The quality of the radiograph shall be 
adequate to enable an assessment of the following (i) 
compliance with the dimensional requirements of para-
graphs 6.1, 6.i| and.12.1 (ii) cracks, notches, crevices, 
voids or inclusions in the conductors, junction, 
sheath and end closure. 
Failure to meet the requirements of paragraphs 6.1, 
6. 4 and 12.1 or the existence of any defect as stated 
in (ii) above, shall cause rejection of the thermo-
couple unit. 
19.2 Any intermediate junction shall be radiographed in a 
similar manner to that specified in paragraph 19.1. 
The field of the radiograph shall include a minimum 
length of 5 cms on either side of the joint. 
The quality of the radiographshall be adequate to 
indicate defects as listed in paragraph 19.1 and in 
addition, any lack of fusion at the sleeve enclosing 
the sheaths. Any such defect shall cause rejection 
of the thermocouple unit. 
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20 . CALIBRATION. 
Requirement and Method. 
20.1 One thermocouple unit of each order or production 
group of thermocouple units, manufactured from the 
same batch materials must be calibrated, at three 
points specified by ,^ ,. __, c , , 
r r J the customer from the following 
list of temperature ranges by comparison with a 
secondary standard thermocouple which has been inde-
pendently calibrated at the six mentioned fixed 
points in the I.P.T.S. 68. 
95°C to 105°C (B.P. of K20 100°C) 
412°C to 428°C (F.P. of Zn 419.58°C) 
620°C to 640°C (F,P. of Sb 630.74°C) 
950°C to 970°C (F.P. of Ag 961.93°C) 
1050°C to 1080°C (F.P. of Au 1064.43°C) 
1535°C to 1575°C (F.P. of Pd 1554°C) 
The secondary standard thermocouple, together with 
the thermocouple unit to be tested, are to be inserted 
into an iso-thermal region of the calibration 
furnace. The minimum length of thermocouple unit 
which is to be immersedin the iso-thermal region is 
50 mm. or 25% of the refractory sheathed section, 
whichever is the greater. The output of the secondary 
standard thermocouple shall be taken as indicating 
true temperature of the iso-thermal region when referred 
to the secondary standard calibration"curve. 
20.2 Calibration Accuracy. 
The manufacturer of thermocouple units shall obtain 
a certificate of wire calibration from the producer 
of all the thermocouple cable conductors. 
This certificate will show the i dentities of the 
wire pairs and the deviation of the particular batch 
from Hoskins November 1962 Table for W-Re 5/26 wire 
and 405/426 compensating wires; and Engelhards Technical 
Bulletin, Vol. XI No. 1 June 1970, for W-Re 3/25 wires 
and 300P/300N, or 203/225 compensating wires. 
These tables are on pages 33 and 34. 
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"The thermocouple unit when calibrated as specified in 
paragraph 20.1, shall agree with the appropriate table 
within 1.5%, in the temperature ranges, 300 C to 1550 C, 
with a maximum acceptable measuring inaccuracy of 0.5%." 
Table 9 
Note: CARE SHOULD BE TAKEN IN THE USE OF THESE TABLES, AS THEY MAY 
BE SUBJECT TO REVISION. 
Reference Tables for Tungsten 5% Rhenium vs Tungsten 26% 
Rhenium Thermocouples 
Reprinted by permission of Hoskins Manufacturing Co,, DETROIT, 
Michegan, U.S.A., from whom certificated matched pairs of 
thermo-element and compensating wires may be obtained. 
Electromotive force in millivolts. Temperatures in C. 





































































































































































































































































































'Adopted 23rd. Noven'jer 1962, by Hoskins Manufacturing Co 
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Table 10 
Note: CARE SHOULD BE TAKEN IN THE USE OF THESE TABLES, AS THEY 
MAY BE SUBJECT TO REVISION. 
Reference Tables, for Tungsten 3% Rhenium vs Tungsten 25"% 
Rhenium Thermocouples 
Reprinted by permission of:- Engelhard Industries Inc. Research 
Division, NEWARK, New Jersey, U.S.A., from whom certificated 
matched pairs of thermo-element and compensating wires may be 
obtained. 
Electromotive force in millivolts. Temperature in C. Reference 






















































































































































































































































































# Adopted June 1970, by Engelhard Industries Inc. 
35 
20.3 Intermediate junction e.m.f. (comp.wires) 
Where the conductors of the compensating cable are 
not identical to the thermocouple conductors, the 
following test shall be made. The hot and cold junc-
tions shall be maintained at 0 C whilst the inter-
mediate junction is heated to 395 C to 405 °C,The emf. 
measured at the cold junction shall not exceed 0.15 mv. 
at this temperature, and must be noted on the inspection 
certificate as a deviation from the supplied temperature/ 
e.m.f. Table. 
20.4 Intermediate junction e.m.f.(continuous wires). 
Where the wires in the refractory and stainless steel 
sheaths are identical in composition, the intermediate 
junction shall be heated to 390°C to 410°C whilst the 
hot and cold junctions are maintained at 0 C. The 
emf. measured at the cold junction shall not exceed 0.05 
mv, at this temperature, and must be noted on the 
inspection certificate. 
20.5 Alternatives. 
The customer may accept the calibration data supplied 
by the manufacturer of the conductor wire as an alter-
native to the requirements of paragraph 20.1 and 20.2 for 
units with unworked refractory sheaths. The manufacturer 
must apply to the customer if this concession is 
required. 
20.6 Damage. 
Damage to the sheath during the calibration procedure 
shall be limited to that specified in paragraph 9.1. 
21. SHEATH INTEGRITY TESTING (Water immersion). 
21.1 Unless otherwise specified by the customer the com-
plete thermocouple unit, but excluding the cold end 
seal, shall be immersed for four hours in water to 
which has been added a surface tension reducing agent 
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(see Appendix Γ) so that the surface tension does not 
exceed 35 dynes/cm. The insulation resistance of the 
unit shall be not less than 5x10 ohms at 100 + 20 V 
test voltage when measured within one hour of removal 
from the water. During this test, heating of the 
thermocouple unit is not permitted. 
21.2 The customer may specify at the time of ordering of 
the thermocouple that either of the tests detailed in 
paragraphs 22.2 and 22.3 shall be applied as an alter­
native to paragraph 21.1. In which case the complete 
thermocouple but excluding the cold end seal shall 
be pressurized. 
22. SHEATH INTEGRITY TESTING (Helium leak). 
22.1 If either of the two following tests are necessary 
the customer will specify which test is required 
when the thermocouple unit is ordered. 
22.2 The hot junction and the adjacent 10 cms of thermo­
couple shall be subjected to an external helium pres­
­2 ­2 
sure of 100 kg cm + Î0 Kg cm for a period of 15 
minutes. The pressurized length shall then be wiped 
with a cloth soaked in acetone, and immediately 
inserted into an evacuation chamber which is connec­
ted to a helium mars spectrometer. The chamber shall 
be evacuated and tested for helium. An indicated source 
­9 ­1 
of helium greater than 6x10 atmos. mL sec shall 
be cause to reject the thermocouple. The sensitivity 
of the mass spectrometer and evacuation chamber assembly 
shall be confirmed before and after this test and shall 
­9 T ­1 
be not less than 3x10 atmos. mL. sec. 
22.3 The hot junction and the adjacent 10 cms of thermo­
couple shall be subjected to an external helium 
— 2 —2 
pressure of 100 Kg cm ' + 10 Kg cm ' for a period of 
15 minutes. The thermocouple shall be wiped with an 
acetone soaked cloth and immediately plunged into 
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alcohol. There shall be no bubbles evolved during 
the succeeding two minutes. 
22.4 The customer may request that the refractory sheathed 
section of the thermocouple unit, and the intermediate 
junction are subjected to a dye penetrant test. 
23. FINAL CLEANING, 
23.1 When manufacturing and testing is completed the 
thermocouple units shall be cleaned by total immersion 
for 2 hours in DECON 90 or other cleansing 
agent agreed with the customer. The unit shall be 
washed in fresh demineralised water to remove the 
cleansing agent. Thereafter it shall be handled 
with clean cotton gloves. When the unit has been dried 
it shall be packaged as subsequently detailed. 
24. PACKING. 
24.1 The unit shall be contained in a sealed polythene 
bag. The bag shall contain radiographs, the calibra-
tion and test data, the inspection certificate, and 
an identification label. 
24.2 The refractory sheathed section of the unit must 
remain straight. 
24.3 The stainless steel sheathed section of the unit may 
be coiled to a diameter not less than 50 cms. 
24.4 The unit shall be packed in a rigid protective con-
tainer in such a manner to avoid damage during transit 
ilfc Non-corrosiv;. non-toxic concentrate obtainable from Medical 
Pharmaceutical Developments LTD, Ellen Street, Portslade, 
Brighton BN 41 EQ, England. 
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25. IDENTIFICATION LABEL. 
25.1 Each unit shall have a metal or plastic identification 
tag attached to it by plastic coated wire in such a 
way that damage to or contamination of the sheath 
is avoided. 
25.2 The tag shall be approximately 100 mm by 30 mm and 
digits and lettering shall not be smaller than 1#5 mm. 
high. 
25.3 The tag shall have the following information marked 
on it.-
The manufacturers identity of the thermo-
couple unit which must be unique. 
Nominal composition of conductors, insulant, 
and sheath, 
Customers order or contract identity. 
A typical tag is illustrated below:-




4 26-Ac-10-MgO/3 48cm. 
Dossier-Q/1977/10 
Order or contract number originating from 
the ordering establishment 
■Code number of thermocouple cable as Para.2. 
Manufacturers identification of the thermo­
couple unit. 
26. TEST CERTIFICATE 
26.1 The manufacturer shallsupply a test certificate for 
each thermocouple unit. The following data shall be 
recorded on the certificate: 
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(a) Manufacturer 
(b) Serial number of thermocouple unit 
(c) Date of completion of tests 
(d) Conductor materials j thermocouple 
(e) Sheath materials > and 
(f) Insulant materials _J compensating cable. 
(g) Loop resistance 
(h) Cold insulation resistance 
(i) Hot insulation resistance 
(j) Calibration data 
(k) Intermediate junction* calibration data 
(1) Radiograph serial number 
(m) Statement of compliance with this specification. 
(including any relaxation (s) made with the approval 
of the customer). To be signed by responsible 
member of the firm which manufacturers the unit. 
(n) Order number 
27. INSPECTION AT MANUFACTURERS WORKS. 
Thermocouple manufacturers inspection services have 
in the past been found somewhat inadequate in scope 
and execution, and it is felt that this mediocrity 
arises from insufficient appreciation of the special 
conditions which are pertinent to irradiation experi-
ments. To secure an improvement in this important area, it 
is recommended that certain of the operations and tests 
detailed in this specification are witnessed or con-
ducted by members of the organisation which orders 
the thermocouples. The inspectors should obviously 
be conversant with thermocouples generally, and be 
experienced in the inspection of small components and 
interpretation of radiographs . He should additionally, have 
considerable experience in the specialised field of 
nuclear experiment construction'. 
To assist in this crucial function of irradiation 
experiment thermocouple inspect ion,the following notes 
are provided for guidance. 
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The standards of inspection are classified under 
three categories which are 
CATEGORY 1 The inspector should fully inspect all materials 
certificates, processes, and packing to ensure 
that all the clauses and conditions of the speci-
fication are adhered to without exception. 
CATEGORY 2 Process inspection is delegated to the manu-
facturing organisation, but the buying organi-
sation inspector should visi*: the manufacturer 
to check storage and clean area conditions be-
fore manufacture commences and also to authenticate 
material certificates and materials. 
Random visits should also be made to ensure that 
the conditions of the specification are being 
applied. 
CATEGORY 3 Inspection is limited to examination of documents 
supplied by or to the manufacturing organisation. 
Inspectionby the buying organisations inspector» 
shall not relieve the manufacturer of his respon-
sibility to supply the ordered thermocouples 
in accordance with the specification. 
The manufacturer shall: 
(i) Contact the buying organisation before manu-
facture commences,to make the necessary iden-
tification of materials with makers certificates, 
to inspect the storage and assembly areas, and 
to determine the stages at which process 
inspection is required, 
(ii) Arrange for the buying organisations inspector 
to have free access at all times, whilst work 
on the thermocouples is being performed, to all 
parts of the works which concern the order, 
(iii) Keep the buying organisation inspector informed of 
work progress, and to notify him in advance when any 
processes or tests are to be carried out. 
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APPENDIX 1 
The following solutions are recommended to obtain a 
solution which has a surface tension of less than 
3 5 dynes cm 
3.5 mL of Teepol 
3.5 mL of octyl alcohol (octanol) 
1 litre distilled water 
Alternatively : 
20 mL (by volume) of DECON 90 ** 
3.5mL of octyl alcohol (octanol) 
1 litre distilled water 
The surface tension can be simply checked by placing 
a capillary tube of about 1.0 mm bore on the surface 
of the water. The height to which the water rises 
is measured in cm. and the surface tension given by: 
S.T. = 245.3 dh, Dynes cm where d and h in cm. 
* Trade name of Shell Chemical Co. Ltd., Shell Centre, 
London S.E.I. England 
#X Trade name of Medical and Pharmaceutical Developments Ltd 
Ellen Street, Portslade, Brighton, Sus sex, England. 
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